Charmed meson decays into a pseudoscalar meson P and a tensor meson T are studied. The charm to tensor meson transition form factors are evaluated in the Isgur-Scora-Grinstein-Wise (ISGW) quark model. It is shown that the Cabibbo-allowed decay D + s → f 2 (1270)π + is dominated by the W -annihilation contribution and has the largest branching ratio in D → T P decays. We argue that the Cabibbo-suppressed mode D + → f 2 (1270)π + should be suppressed by one order of magnitude relative to D + s → f 2 (1270)π + . When the finite width effect of the tensor resonances is taken into account, the decay rate of D → T P is generally enhanced by a factor of 2 ∼ 3. Except for D + s → f 2 (1270)π + , the predicted branching ratios of D → T P decays are in general too small by one to two orders of magnitude compared to experiment. However, it is very unlikely that the D → T transition form factors can be enhanced by a factor of 3 ∼ 5 within the ISGW quark model to account for the discrepancy between theory and experiment. As many of the current data are still preliminary and lack sufficient statistic significance, more accurate measurements are needed to pin down the issue.
I. INTRODUCTION
Cabibbo-allowed and Cabibbo-suppressed two-body hadronic D decays into a pseudoscalar meson P and a tensor meson T have been studied in [1] and [2] , respectively. In both studies, the charm to tensor meson transition form factors are calculated using the ISGW (Isgur-Scora-Grinstein-Wise) quark model [3] . The calculated branching ratios are of order 10 −5 ∼ 10 −7 . Recently, the Cabibbo-allowed mode D + s → f 2 (1270)π + and the Cabibbo-suppressed one D + → f 2 (1270)π + both have been measured by E791 at the level of 10 −3 [4] . More recently, FOCUS [5] and BaBar [6] have also reported some new measurements of D → T P decays. Though their results are still preliminary and many of them do not have enough statistic significance (see Table I below), the branching ratios are typically of order 10 −3 . Therefore, it appears that there exists a large discrepancy between theory and experiment. It is thus important to understand the origin of discrepancy.
In the present work, several improvements over the previous work [1, 2] are made. First, the charm to tensor meson transition form factors will be calculated in the improved version of the ISGW model [7] . The updated version of this quark model gives a more realistic description of the form-factor momentum dependence, especially at small q 2 . Second, the tensor meson has a width typically of order 100 − 200 MeV [8] . The finite width effect, which is very crucial to account for the decays such as D → K * 2 (1430)K and D → f ′ 2 (1525)K that appear to be prohibited by kinematics at first sight, is carefully examined. Third, it is known that weak annihilation (W -exchange or W -annihilation) in charm decays can receive sizable contributions from nearby resonances through inelastic final-state interactions (see e.g. [9] ). Hence, it is important to take into account weak annihilation contributions.
This work is organized as follows. In Sec. II we summarize the current experimental measurements of D → T P decays. We discuss the various physical properties of the tensor mesons in Sec. III, for example, the decay constants and the form factors and then analyze the D → T P decays in Sec. IV based on the generalized factorization approach in conjunction with final-state interactions. Conclusions are presented in Sec. V.
II. EXPERIMENTAL STATUS
It is known that three-body decays of heavy mesons provide a rich laboratory for studying the intermediate state resonances. The Dalitz plot analysis is a very useful technique for this purpose. We are interested in D → T P decays extracted from the three-body decays of charmed mesons. Besides the earlier measurements by ARGUS [10] and E687 [11] , some recent results are available from E791 [4] , CLEO [12] , FOCUS [5] and BaBar [6] . The J P = 2 + tensor mesons that have been studied in hadronic charm decays include f 2 (1270), a 2 (1320) and K * 2 (1430). The results of various experiments are summarized in Table I where the product of B(D → T P ) and B(T → P 1 P 2 ) is shown. In order to extract the branching ratios for the two-body decays D → T P , we need to know the branching fractions of the strong decays of the tensor mesons [8] :
It is evident that most of the listed D → T P decays in Table I have branching ratios  of order 10 −3 , even though some of them are Cabibbo suppressed. Note that the results from FOCUS and BaBar are still preliminary. Indeed, many of them have not yet sufficient statistical significance.
Note that at first sight it appears that the decay D → K * 2 (1430)K is kinematically not allowed as the K * 2 (1430) mass lies outside of the phase space for the decay. Nevertheless, it is physically allowed as K * 2 (1430) has a decay width of order 100 MeV [8] . Likewise, the decay 
III. PHYSICAL PROPERTIES OF SCALAR MESONS
The observed 
with f q 2 ≡ qq. Since ππ is the dominant decay mode of f 2 (1270), whereas f ′ 2 (1525) decays predominantly into KK (see Particle Data Group [8] ), it is obvious that this mixing angle should be small. More precisely, it is found θ = 7.8
• [8, 13] . Therefore, f 2 (1270) is primarily an (uū + dd)/ √ 2 state, while f ′ 2 (1525) is dominantly ss. The polarization tensor ε µν of a 3 P 2 tensor meson with J P C = 2 ++ satisfies the relations
Therefore,
and hence the decay constant of the tensor meson vanishes; that is, the tensor meson cannot be produced from the V − A current. As for the form factors, the D → P transition is defined by [14] 
where 
5) The form factors k, b + and b − can be calculated in the ISGW quark model [3] and its improved version, the ISGW2 model [7] . In general, the form factors evaluated in the ISGW model are reliable only at (ii) The difference between ISGW and ISGW2 model predictions for form factors at q 2 = 0 is not significant for the charm case, though form factors in the ISGW model fall more rapidly at small q 2 . However, the difference will be dramatic for the B → T case as noticed in [15] . For example, the B → a 2 and B → f 2 (1370) form factors at q 2 = m 2 D obtained in the ISGW2 model are about 2 − 6 times larger than that in the ISGW model. This is because the region covered from zero recoil to small q 2 in B decays is much bigger than that in D decays. 
IV. D → T P DECAYS AND FACTORIZATION
We will study the D → T P decays (T : tensor meson, P : pseudoscalar meson) within the framework of generalized factorization in which the hadronic decay amplitude is expressed in terms of factorizable contributions multiplied by the universal (i.e. process independent) effective parameters a i that are renormalization scale and scheme independent. More precisely, the weak Hamiltonian has the form
with (q 1 q 2 ) ≡q 1 γ µ (1 − γ 5 )q 2 . For hadronic charm decays, we shall use a 1 = 1.15 and a 2 = −0.55 . Since the decay constant of tensor mesons vanishes, the factorizable amplitude of D → T P always has the expression
where use has been made of Eq. (3.5). The decay rate is given by
where k T is the c.m. momentum of the tensor meson in the rest frame of the charmed meson. In terms of the topological amplitudes [16] : T , the color-allowed external W -emission tree diagram; C, the color-suppressed internal W -emission diagram; E, the W -exchange diagram; A, the W -annihilation diagram, the topological quark-diagram amplitudes of various D → T P decays are shown in Table III . There exist also penguin diagrams. However, the penguin contributions are negligible owing to the good approximation V ud V * cd ≈ −V us V * cs and the smallness of V ub V * cb . For D → T P and D → P T decays, one can have two different external W -emission and internal W -emission diagrams, depending on whether the emission particle is a tensor meson or a pseudoscalar one. We thus denote the prime amplitudes T ′ and C ′ for the case when the tensor meson is an emitted particle [17] . Under the factorization approximation, T ′ = C ′ = 0. As pointed out in [18] , the tensor meson, for example a + 2 , can be produced from the tensor operator (ū R γ
However, this operator must be generated by gluon corrections and is suppressed by factors of α s /π and 1/m b .
In general, T P final states are suppressed relative to P P states due to the less phase space available. More precisely,
where k P is the c.m. momentum of the pseudoscalar meson P 1 or P 2 in the charm rest frame.
The kinematic factor h = 2 3
is typically of order (1 − 4) × 10 −2 . An inspection of Table III [14, 19] . Hence, the expression in the parentheses of the above equation is of order 0.5. As a consequence, the predicted branching ratio of D + → K * 0 2 π + is of order 10 −4 , which is one order of magnitude smaller than experiment (see Table III ). As for the decay D 0 → K * − 2 π + , its branching ratio is similar to that of D + → K * 0 π + but it receives an additional Wexchange contribution. A fit of this mode to experiment will require |E| > |T |, namely, W -exchange dominates over the external W -emission, which is very unlikely. If we demand that |E| < |T |, then the color-suppressed decay D 0 → K * 0 2 π 0 , which receives contributions only from the W -exchange diagram, will be at most of order 10 −5 (see Table III ).
Its external Wemission amplitude is suppressed owing to the small ss component in f 2 (1270). However, W -annihilation is not subject to the f 2 − f The importance of the weak annihilation contribution (W -exchange or W -annihilation) in charm decays has been noticed long before (see e.g. [16, 9] ). Even if the short-distance weak annihilation amplitude is helicity suppressed, it does receive long-distance contributions from nearby resonance via inelastic final-state interactions from the leading tree or color-suppressed amplitude. As a consequence, weak annihilation has a sizable magnitude comparable to the color-suppressed internal W -emission with a large phase relative to the tree amplitude. A quark-diagram analysis of the Cabibbo-allowed D → P P decays yields [20] A/T | D→P P ≈ 0.39
We see that the ratio of |A/T | in D → T P ad D → P P decays is similar. Table I and from [8] . The finite width effect of the tensor resonances has been taken into account in theoretical calculations.
Decay
Amplitude
Using the W -annihilation term inferred from D + s → f 2 π + , we can fix the decay rates of 
1320)π + by fitting them to the data. It will require the unreasonable condition |E| > |T |. For the purpose of illustration of the W -exchange effect, we shall assume
A
. Finite width effects
The decay D → K * 2 (1430)K is physically allowed even though K * 2 (1430) mass lies outside of the phase space for the decay. The point is that K * 2 (1430) has a decay width of order 100 MeV [8] and hence it is necessary to take into account the finite width effect. Likewise, the decay D 0 → f ′ 2 (1525)K 0 which is outside of phase space also can occur.
The measured decay widths of various tensor mesons are given by [8] Γ f 2 (1270) = 185.1
To take into account the finite width effect of the tensor resonances, we employ the factorization relation to "define" the D → T P decay rate
where λ is the usual triangluar function λ(a, b, c) =
is the mass of P 1 (P 2 ), g T P 1 P 2 is the strong coupling to be defined below, and the "running" or "comoving" width Γ 12 (q 2 ) is a function of the invariant mass m 12 = √ q 2 of the P 1 P 2 system and it has the expression [21]
. We shall follow [12] to take R, the "radius" of the meson, to be 1.5 GeV −1 . From the measured decay width of the tensor meson, one can determine the strong coupling g T P 1 P 2 via 13) where p c is the c.m. momentum of P 1 and P 2 in the rest frame of the tensor meson. Note that in the narrow width approximation, one can show that the factorization relation (4.10) holds. When the decay width is not negligible we will use Eq. (4.11) to evaluate the three-body decay Γ(D → T P → P 1 P 2 P ) and employ Eq. (4.10) to define the decay rate of D → T P . To evaluate the decay rate of D → T P → P 1 P 2 P , we will assume that g T P 1 P 2 is insensitive to the q 2 dependence when the resonance is off its mass shell. Numerically it is found that when the finite decay width of the tensor meson is taken into account, the decay rate of D → T P is generally enhanced by a factor of 2 ∼ 3. The results of the calculated branching ratios shown in Table III have included finite width effects. • Among the D → T P decays, D • The decay rate of D → T P is generally enhanced by a factor of 2 ∼ 3 when the finite width effect of the tensor resonances is taken into account. In particular, it is necessary to include the finite width effect to explain the decays D → K * 2 (1430)K and D → f ′ 2 (1525)K.
• Except for the Cabibbo-allowed decay D + s → f 2 (1270)π + , the predicted branching ratios of D → T P decays are in general too small by one to two orders of magnitude compared to experiment. However, it is very unlikely that one can enhance the D → T transition form factors within the ISGW quark model by a factor of 3 ∼ 5 to account for the discrepancy between theory and experiment. As many of the current data have not yet enough statistical significance, it is important to have more accurate measurements in the near future to pin down the issue. 
